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Abstract: Sex ratios, size frequency, and reproductive patterns of blood cockle Anadara antiquata were studied from Sonmiani and
Phitti Creek, Pakistan, from May 2004 to April 2005. At both sites, the overall sex ratio was significantly in favor of females. The
population of A. antiquata at Sonmiani consisted of cockles of 31–80 mm in size and that at Phitti Creek of 21–100 mm in size; however,
the majority of specimens were of 51–70 mm in size at both sites. Four stages of gametogenesis were identified in male and female
cockles: 1) developing, 2) ripe, 3) spawned out, and 4) resorbing. No hermaphrodites or specimens with undifferentiated sex were found
in the present study. The gametogenic activity in males and females occurred year-round, with greater intensity during January to March
and low activity in December at both Sonmiani and Phitti Creek in female cockles, as indicated by low gonad index values of females
in these months.
Key words: Sex ratios, gametogenesis, spawning season, gonad index

1. Introduction
The genus Anadara of the family Arcidae is unique among
the molluscan fauna due to the presence of hemoglobin in
their hemolymph. They are widely distributed throughout
the world oceans and there are many species of this family:
Tegillarca (=Anadara) granosa (Pathansali, 1964; Yoloye,
1974; Broom, 1982, 1983; Narasimham et al., 1988),
A. tuberclosa (Cruz, 1984, 1987; Tebano, 1990; Tebano
and Paulay, 2000), A. notables and A. uropigimelana
(Tebano, 1990; Tebano and Paulay, 2000), A. cornea,
Senilia (=Anadara) sensilis, (Kastoro, 1978), A. trapezia
and A. brotounghi (Dzyuba and Moslemmikova, 1982),
A. similes (Yankson, 1982), A. transversa and A. ovalis
(Power and Walker, 2001, 2002), A. multicostata and A.
rhombea (Baron, 1992), and A. grandis and A. antiquata
(Broom, 1985; Hadfield and Anderson, 1988; Şahin et al.,
1999, 2009; Mzighani, 2005; Amanda et al., 2006; GarcíaDomínguez et al., 2008) are found in Asia, Africa, South
America, and Australia.
Anadara antiquata is considered a delicacy in Southeast
Asia, where it is commercially exploited and cultured;
therefore, its growth, reproductive biology, and fishery
have been widely studied (Broom, 1983; Broom, 1985;
Toral-Barza and Gomez, 1985; Tuan, 1999). Extensive beds
of A. antiquata are also found on the sandy beaches along
the Sindh and Balochistan coasts of Pakistan (Moazzam
* Correspondence: ghazala_siddiqui@hotmail.com

and Ahmed, 1994; Jahangir et al., 2010), but they are not
large enough to sustain long-term exploitation. Therefore,
for the sustainability of stocks of A. antiquata in the future,
their culture is inevitable, which depends on a steady
supply of seed and knowledge of their reproductive cycle
and spawning season. The present study describes the
sex ratios, reproductive cycle, and gametogenic pattern
of A. antiquata from the natural beds of Phitti Creek and
Sonmiani.
2. Materials and methods
2.1. Sampling sites
The Phitti Creek network lies at 24°48′N, 66°14′E, with
a vast mangrove-dominated area forming a complex
ecosystem that offers niches for free living, climbing,
crawling, burrowing, and sessile organisms. The
nutritionally rich environment at Phitti Creek provides
an ideal habitat for breeding and nursing of various
animals including fishes and shrimps, and it serves as a
natural reservoir. The creek waters also receive all sorts
of industrial waste from the nearby Korangi industrial
area. Sonmiani Bay is located on the coast of Balochistan
at 25°25′N, 66°35′E. The total area of the bay is 125.25
km2, and the adjacent shelf is 80 km wide. The substrate of
the area is sandy to muddy. The Winder River is the only
source of fresh water input and is dependent on rainfall.
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The mangrove forest in Sonmiani Bay spreads over an
area of about 3000 ha (Mirza et al., 1988). However, the
sampling site is devoid of such forestation. Extensive beds
of cockles and clams are found buried at approximately
3–7 cm in the substratum at both sites (Figure 1).
2.2. Sampling
The monthly samples were randomly handpicked during
low tides (0.5–0.8 m tidal level) from Sonmiani (N =
482; mean = 40 ± 0.4) and Phitti Creek (N = 448; mean
= 37 ± 5) from May 2004 to April 2005. All the samples
were brought live to the laboratory, cleaned and washed
with freshwater, and measured and fixed for histological
examination.
2.3. Physical parameters
The water temperature and salinity were recorded in situ
at the 2 sites by thermometer and handheld refractometer,
respectively (S/Mill-E, Atago). For chlorophyll a analysis,
the method described by Strickland and Parsons (1972)
was followed. For this purpose, the water samples were
filtered through glass fiber filters and extracted in 90%
acetone, and the pigments were measured using the
Shimadzu UV-visible recording spectrophotometer UV240 Graphicord.

Figure 1. Map showing sampling sites (*).
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2.4. Histological preparations
The shell length was measured to the nearest 0.1 mm with
Vernier calipers. The soft tissue was removed from the shell
by cutting the anterior and posterior adductor muscles
with a scalpel. The sexes were confirmed by histological
examination of the gonads. For histological preparation, a
cut through the body of the animal was made to provide
a transverse section of the gonad from a part covering
the anterior adductor muscle, which contained portions
of gonad, digestive gland, and muscular foot tissues. The
sections were then fixed in Davidson’s fixative (Shaw
and Battle, 1957) for 48 h and preserved in 70% alcohol
until further processing. Prior to histological sectioning,
the tissue was dehydrated in an ascending ethanol series,
and after clearing and infiltration with paraffin wax, was
sectioned at 7 µm, stained with Delafield’s hematoxylin,
and counter-stained with eosin.
2.5. Gonad index
The gonad index (GI) was used to determine the
reproductive state of the A. antiquata population and was
estimated according to the method outlined by Barkati
and Ahmed (1989–1990). For this purpose, gonads were
assigned arbitrarily determined stages and then the
numbers of specimens in each stage was multiplied by the
numerical ranking of that stage. The sum of this product
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was divided by the total number of individuals in the
sample. A value of 1 was assigned to resorbing specimens
in general; an increase in the value of the GI indicated
gonad maturation.
2.6. Statistical analysis
StatGraphics Plus (version 5.0.10) was used to compare the
mean difference in physical parameters of the 2 samples
by using one-way analysis of variance (ANOVA), and the
homogeneity of variance of all 3 physical parameters was
tested with Bartlett’s test (P > 0.05 at 96.0% confidence
level). A chi-square goodness of fit (χ2) test was performed
to test the observed sex ratios with a theoretical 1:1 sex
ratio.
3. Results
3.1. Physical parameters
As shown in Table 1, at Phitti Creek no marked variation
in surface water temperature (28.16 ± 4.64 °C) occurred
during the sampling period, except for December when it
declined to 22 °C. Similarly, at Sonmiani, the mean surface
water temperature was 27.25 ± 3.74 °C. A minimum (21
°C) was recorded in March and December. The seasonal
fluctuations in salinity varied from 38‰ in September
to 45‰ in February (mean: 41.25 ± 2.29‰) at Phitti
Creek. The salinity at Sonmiani reached a maximum of
46‰ in January and February, and the mean salinity was
42.58 ± 2.42‰. At Phitti Creek, the mean chlorophyll a
concentration was 2.41 ± 1.93 µg L–1 with peaks in May

(5.35 µg L–1) and June (5.94 µg L–1). At Sonmiani, the mean
chlorophyll a concentration was 1.96 ± 1.28 µg L–1; the
highest concentration was recorded in November (4.90
µg L–1) and the lowest in October (0.93 µg L–1) (Table 1).
The differences in environmental parameters at the 2 sites
were statistically tested. The analysis of variance showed
no significant difference in water temperature (ANOVA,
df = 1; F = 0.28; P > 0.05), salinity (ANOVA, df = 1; F =
0.39; P > 0.05), or chlorophyll a (ANOVA, df = 1; F = 0.52;
P > 0.05) at the 2 sites (Table 2).
3.2. Sex ratios
At Phitti Creek, although overall sex ratio was significantly
in favor of females (χ2 = 27.46; P < 0.05), the intermediate
size classes (51–70 mm) were dominated by females, while
in the lower and higher size classes the proportion of
males and females was close to the 1:1 theoretical ratio. At
Sonmiani, the overall sex ratio was significantly in favor of
females (χ2 = 41.83; P > 0.05) (Table 2). In June, November,
January, and March, the sex ratios were close to the 1:1 ratio
(P > 0.05); in the remaining months females dominated
the population. Except for the size class of 31–40 mm (χ2 =
0.33; P > 0.05), in all size classes a significant departure (P
< 0.05) from the expected 1:1 ratio was observed in favor
of females (Table 3).
3.3. Temporal variation in mean shell size
During the sampling period, the variation in mean shell
length in females was 54.76 ± 6.02 to 67.0 ± 5.87 mm,
and in males it was 53.2 ± 8.13 to 67.08 ± 4.81 mm at

Table 1. Temporal variation in the physical parameters at the 2 sites.
Water temperature, °C

Salinity, ‰

Sonmiani

Phitti Creek

Sonmiani

Phitti Creek

Sonmiani

Phitti Creek

May-04

31

31

41

40

1.7

5.3

Jun

30

30

41

40

1.2

5.9

Jul

31

31

40

40

1.1

0.1

Aug

28

28

42

43

1.0

0.1

Sep

27

26

45

38

1.99

0.3

Oct

30

39

45

43

0.9

1.0

Nov

30

31

44

44

5.0

1.9

Dec

22

22

40

44

4.0

2.0

Jan-05

23

23

46

40

2.6

2.4

Feb

30

24

46

45

1.2

2.8

Mar

21

26

41

43

1.9

2.9

Apr

24

27

40

40

1.9

4.0

Mean ± SD

27.3 ± 3.7

28.7 ± 4.6

42.56 ± 2.4

41.7 ± 2.2

2.0 ± 1.3

2.4 ± 1.9

Months

Chlorophyll a, µg L–1
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Table 2. ANOVA testing for mean difference in water temperature, salinity, and chlorophyll a from
Sonmiani and Phitti Creek.
Physical factors

SS

df

MS

F-ratio

P-value

Water temperature

5.04

1

5.04

0.28

0.60

Salinity (‰)

5.04

1

5.04

0.39

0.36

Chlorophyll a

1.22

1

1.22

0.45

0.51

Table 3. Sex ratio of A. antiquata in different size classes from Sonmiani and Phitti Creek.
Size classes (mm)

Total

No. males

No. females

Chi-square

P-value

21–30

1

1

0

1.00

0.32

31–40

3

1

2

0.33

0.56

41–50

19

6

13

2.58

0.11

51–60

140

50

90

11.43

0.00

61–70

240

93

147

12.15

0.00

71–80

44

17

27

2.27

0.13

81–90

0

0

0

0.00

0.00

91–100

1

0

1

1.00

0.32

Total

448

168

280

27.46

0.00

31–40

3

1

2

0.33

0.56

41–50

17

5

12

2.88

0.09

51–60

251

89

162

21.23

0.00

61–70

200

73

127

14.58

0.00

71–80

11

2

9

4.45

0.03

Total

482

170

312

41.83

1.65

Phitti Creek

Sonmiani

Phitti Creek. Similarly, variation in mean shell length at
Sonmiani was 55.25 ± 2.28 to 65.54 ± 4.88 mm and 54.61 ±
3.90 to 66.7 ± 4.22 mm in males and females, respectively
(Figure 2).
3.4. Stages of gametogenesis
The gonads lie in the visceral mass and extend up to the
lateral walls as maturity is attained. The gonad color in
females varies from pale pink in developing females to
bright red-orange in ripe females. In males it is creamish
in the developing stage and whitish in mature males. Four
stages of gametogenesis (developing, ripe, spawned out,
and resorbing) were histologically determined for male
and female populations from Phitti Creek and Sonmiani
(Table 4; Figure 3). No specimen was found to be a
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hermaphrodite or sexually undifferentiated in the present
study.
3.5. Temporal variation in gametogenic pattern at Phitti
Creek and Sonmiani
3.5.1. Phitti Creek
From May to August, the developing males were
predominant, amounting to 93%–100% of the
population. In September to February, the number of ripe
and spawning males increased; the peak of ripe males
(83.3%) was observed in November, and that of spawning
males (81.8%) was noted in December. In March, all the
males were again in the developing stage. The resorbing
males appeared in December and April in small numbers
(Figure 4).
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Phitti Creek

80

F

M

100
Percentages

60
40

F

M

60
40

Months

Apr

Mar

Feb

Jan-05

Dec

Nov

Oct

Sep

Aug

July

Apr

Mar

Feb

Jan-05

Dec

Nov

Oct

Sep

Aug

July

Jun

May-04

0

Jun

20

20
0

Sonmiani

80

May-04

Percentages

100

Months

Figure 2. Temporal variation in shell size of male (M) and female (F) A. antiquata from Phitti Creek (A) and Sonmiani (B). Bars
indicate ±standard deviation.
Table 4. Stages of gonadal development in male and female A. antiquata.
S. no.

Stages

Description

Developing

In early developing stage, follicles few in number and small in size, with abundant interfollicular connective
tissue. Size and number of follicles gradually increase with the development of gonads to occupy more space
and start spreading around the digestive diverticula. Germ cells attached close to the walls of the follicles.
Males: Mostly spermatogonia and spermatocytes; few spermatids can be seen.
Females: During early development mostly oogonia and previtellogenic oocytes are present; later, with gonad
development, vitellogenic oocytes are also visible.

2

Ripe

Follicles completely fill the gonadal area, are highly distended, and are fully spread over the sides of digestive
diverticula. Connective tissue nearly absent.
Males: Lumen of the follicles filled with spermatozoa; few spermatids and spermatocytes present at the
periphery of the follicles.
Females: Mostly postvitellogenic and mature ova; very few vitellogenic oocytes present. Oocytes polygonal in
shape in the nearly ripe condition, and later on become rounded with advancement of the ripe stage.

3

Follicles large, partially empty, interfollicular connective tissue not quite obvious; gaps observed in lumina of
follicles.
Spawned out Males: Lamellar arrangement of spermatozoa in the follicle formed, few spermatids can be seen.
Females: Most of the ova become detached from the follicular walls and move freely in the lumen of the
follicles.

4

Follicles appear broken, scattered, and relatively empty; later on, with resorption, decrease in size and
interfollicular connective tissue starts reappearing.
Males: Only residual spermatozoa found undergoing resorption.
Females: Residual mature ova or atretic oocytes can been seen within the follicles undergoing resorption.

1

Resorbing

From May to August, females with developing, ripe,
and spawning gonads were found. The peaks of developing
and ripe females were recorded in June (72%) and July
(85.7%), respectively. The September to January period
was dominated by the spawning and resorbing females.
The peak (88.9%) of resorbing females was recorded in
December 2004, and that of spawning females in January
(63.2%). In February (72%) and April (71.5%), the ripe
females dominated the population. No females with
developing gonads appeared in the November–April
period (Figure 4).

3.5.2. Sonmiani
All 4 stages of maturation were found in varying
percentages in male cockles at Sonmiani. In May, all the
males were in the developing stage; from June to October,
spawning and ripe males predominated. The peak of ripe
males was noted in June (81%), and that of spawning males
was observed in October (100%). From October onward,
no ripe males were found. The peak of resorbing males was
recorded in December (100%), while in the January–April
period, the developing, spawning, and resorbing males
were found in varying percentages (Figure 4).
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Sc

Pro

Sc
F
300 µm

A

Og

Ct

50 µm

E

F

St

F

Mo

Sz

N
50 µm

B

F

300 µm

Ef
Ao
300 µm

C

50 µm

G

Sz

Ef
Ef

Ao

Ef
D

50 µm

H

100 µm

Figure 3. Photomicrographs of A. antiquata: A–D: stages of spermatogenesis; E–H: stages of oogenesis.
A, E: Developing; B, F: Ripe; C, G: Spawned out; D, H: Resorbing. Abbreviations: F - Follicle, Sc Spermatocytes; St - Spermatids; Sz - Spermatozoa; Ef - Empty follicle; Ct - Connective tissue; Og
- Oogonia; Pvo - Previtellogenic oocyte; Vo - Vitellogenic oocyte; N - Nucleus; n - nucleolus; Mo Mature oocyte; Ao - Atretic oocyte.
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Phitti Creek (M)

Sonmiani (M)

Phitti Creek (F)
100

Re

80

S

60

Apr

Mar

Feb

Dec

Apr

Mar

Feb

Jan-2005

Dec

Nov

Oct

Sep

Aug

Jul

Jun

0
May-2004

0

D

20
Jan-2005

D

Nov

20

R

40

Oct

R

S

60

Sep

40

80

Aug

S

Re

Jul

60

100

Jun

Re

80

May-2004

100

Sonmiani (F)

100

Re

80

S

60

Apr

Feb

Mar

Dec

Jan-2005

Nov

Oct

Sep

Aug

Jul

Jun

0

May-2004

Apr

Mar

Feb

Jan-2005

0

Dec

D

Nov

20

Oct

D
Sep

20
Aug

R

Jul

40

Jun

R

May-2004

40

Figure 4. Temporal variation in the gametogenic pattern of male (M) and female (F) A. antiquata from Phitti Creek and Sonmiani.
Re - Resorbing, S - Spawned out, R - Ripe, D - Developing.

In May and June, respectively, 48.3% and 63.2% of
females reached the ripe stage, whereas in July spawned-out
females constituted 48.3% of the specimens histologically
examined. In August to November, the developing and
ripe females dominated the population again; however,
December was predominated by resorbing females
(81.5%). In the January to April period, developing females
were predominant, with a peak (92.6%) in April (Figure 4).
3.6. Temporal variation in GI
The male and female cockles in ripe and spawning stages
lasted almost throughout the year; therefore, the GI in
Phitti Creek population was more or less consistent,
with values ranging from 2.00 to 3.73 in males and 2.36
to 3.53 in females except for November and December,
when most of the females were in resorbing condition
and the GI dropped to 1.96 and 1.33, respectively. In the
Sonmiani population, the highest GI (3.34) in females was
in September, but in December, it dropped to 1.48 as the
majority of the females underwent resorption. In the rest
of the months it was 1.93 to 2.95. In males, the highest GI
(4.00) was recorded in October when all males were in
spawning condition, and in the remaining months the GI
was 2.00–2.62 (Figure 5).

4. Discussion
In the present study, the overall sex ratio in the population
of A. antiquata at Sonmiani and Phitti Creek was in favor
of females. Mzighani (2005), who reported a similar
predominance of females in the population of A. antiquata
from Dar es Salaam, Tanzania, attributed this to sex
reversal, congregation of one sex in a particular area, or
greater adaptability of females to environmental conditions.
Toral-Barza and Gomez (1985) from the Philippines also
reported more females than males in the population of A.
antiquata, with no significant deviation from the expected
1:1 ratio. In the present study, specimens of A. antiquata
smaller than 21 mm could not be procured; therefore, no
information is available on sex ratios in smaller size classes.
The dominance of males in the size group of 20–50 mm was
reported in the A. rhombea population from Porto Novo,
West Africa (Natarajan and John, 1983). Likewise, in the
population of A. scapha from New Caledonia in the South
Pacific, the males predominated in the smaller size classes
and the females were more frequent in the larger size groups
(Baron, 1992). Broom (1983) reported equal sex ratios in all
size classes in A. granosa from the Philippines. Pathansali
and Soong (1958) and Pathansali (1964) reported similar
results in A. granosa from Malaysia. In A. ovalis reported
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Jan-2005

Dec

Nov

Oct

Sep

Aug

Jul

Jun
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Sep
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Figure 5. Temporal variation
in gonad index (GI) of male and female A. antiquata from Phitti Creek and Sonmiani.
Sonmiani
Females

5

Males

4
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Apr

Mar

Feb

Jan-2005

Dec

Nov

Oct

Sep

Aug

Jul

Jun

May-2004

GI

from Georgia, USA, males dominated the first-year
3
population,
while the sex ratio was close to 1:1 in older
animals.
No information is available about the very old
2
specimens of this species (Power and Walker 2002; Power
1 2004). Recently Lee et al. (2012) carried out detailed
et al.,
studies
on the sequential hermaphroditism in Manila clam
0
(Ruditapes philippinarum) reared in the wild, in which
a significant increase in the population of females was
observed as clams grew, which
resulted in a high proportion
Months
of females at the end of the study due to a high sex reversal
ratio from male to female (Lee et al., 2012).
In the present study, hermaphrodite and indeterminate
specimens were totally absent from the population. It was
reported earlier that hermaphroditism is not common in
members of the family Arcidae, and protandric gonad
development takes place (Broom, 1983; Power and Walker,
2002; Peharda et al., 2002; Power et al., 2004; Walker and
Power, 2004). On the contrary, in the populations of Senilia
(=Anadara) senilis and A. antiquata from West Africa,
the phenomenon of sex reversal has been reported and
hermaphrodite gonads were found at some point in stages
of gonadal maturation during their life cycle (Yoloye, 1974;
Kastoro, 1978).
The Phitti Creek population of A. antiquata was larger
in size than the Sonmiani population; this is due to the fact
that Phitti Creek has a vast mangrove-dominated area that
provides a nutritionally rich environment to filter-feeding
cockles, whereas Sonmiani is devoid of such forestation.
Temporal variation in the gametogenic pattern results
in a single extended spawning event or multiple spawning
events, which in turn are often followed by a period of
gonad reconstitution (Gosling, 2003). In A. antiquata
during the present study, the ripe females appeared
throughout the year; therefore, the gametogenic activity
and the spawning season were prolonged. The spawning
in this species occurred year-round with low activity in
December 2004 at Sonmiani and Phitti Creek in females,

as indicated by low GI values in these months. The
gonadal development in this species started in January and
persisted until November at Sonmiani, whereas at Phitti
Creek, spawning in females was year-round with greater
intensity during January to March, which coincides with
the increase in chlorophyll a concentration during these
months. In both populations of A. antiquata during the
present study, spawning activity took place throughout the
year and no sexually inactive or undifferentiated specimens
were found. Similarly, in the population of A. antiquata
from Calatagins, Bantangas, the Philippines, an extended
spawning season and gametogenic activity occurred, with
peaks during periods with high temperatures and gonadal
development during periods with low temperatures
(Broom, 1983). Year-round spawning with shifts in major
spawning peaks during different years and at different sites
was reported in the A. granosa population from Kakinada
Bay, India (Narasimham, 1969, 1988).
Environmental parameters such as temperature and
salinity are very important factors affecting the regulation of
the gonadal cycle in many species of marine invertebrates,
as these 2 exogenous parameters directly affect and control
reproductive activities (Orton, 1920; Giese, 1959; Kinne,
1970; Giese and Pearse, 1974). The coast of Pakistan lies
slightly outside the tropics and does not experience much
rainfall, and thus there is no major change in coastal
salinity throughout the year. In the present study, the
salinity at Sonmiani was 40‰ to 46‰ and at Phitti Creek
it was 38‰ to 45‰; the lowest water temperature at both
sites was 21–22 °C in winter–spring (December to March),
and it never exceeded 31 °C in summer–autumn (May
to November). Gonadal maturation and spawning in A.
antiquata seems to be associated with rising temperatures;
this pattern of gonadal maturation with slight changes in
temperature has been observed in many species of oysters,
e.g., Crassostrea, Saccostrea, and Ostrea (Asif, 1980;
Siddiqui and Ahmed, 2002a, 2002b, 2002c, 2003; Siddiqui,
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2005). Furthermore, according to Ahmed (1980), the
extensiveness of the spawning season in marine animals of
the Pakistani coast is also related to their tidal distribution.
Here, with few exceptions, the species that occur near a low
tidal zone or are pelagic in nature breed in winter–spring
or breed throughout the year due to greater availability
of food, as they remain submerged for a longer duration

than those species that occur in the middle and upper
tidal zones, which breed in summer. The targeted species
of blood cockle, A. antiquata, also inhabits the low tidal
zone at both Sonmiani and Phitti Creek, and this could
be one of the reasons for the extended spawning season in
this species, due to greater availability of food as a result of
longer submersion time.
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